Background and aims: Recent studies have shown that etomidate is associated with fewer serious adverse events than propofol and has a noninferior sedative effect. We investigated whether etomidate-midazolam is associated with fewer cardiopulmonary adverse events and has noninferior efficacy compared to propofol-midazolam for screening colonoscopy in the elderly.
Introduction
Endoscopic sedation is widely used to relieve patients' anxiety and discomfort. [1] [2] [3] One of the most common sedatives is propofol owing to its convenience and fast effect. [4, 5] However, propofol is associated with several serious adverse events including hypoxia, hypotension, arrhythmia, and respiratory depression. [6] [7] [8] Etomidate is a nonbarbiturate sedative with rapid onset (5-15 seconds) and recovery (5-15 minutes). [9, 10] Because it does not inhibit the sympathetic tone or myocardial function, it is used for critically ill patients or patients with cardiovascular diseases. [10, 11] In addition, it can be used in patients with bronchospasms or those who cannot have hypotension because of intracranial problems. [12, 13] It is also known that histamine release, apnea, and allergic reactions are less commonly associated with barbiturate or propofol use. [11] Recently, etomidate has been reported to be noninferior in stability and efficacy during endoscopic retrograde cholangiopancreatography (ERCP) and endoscopic ultrasound (EUS) compared to propofol. [14, 15] Cardiopulmonary adverse events such as hypotension, hypoxia, arrhythmias, and aspiration were more common in the elderly aged over 65 years than in young, healthy patients. [16, 17] However, there were only a few studies on etomidate for screening endoscopy in the elderly.
In this study, we compared etomidate and propofol groups based on midazolam in the elderly for screening colonoscopy with respect to cardiopulmonary adverse events. Our aim was to evaluate the safety and efficacy of etomidate-midazolam for screening colonoscopy in the elderly.
Methods

Study design
A single-center, prospective, double-blinded, randomized controlled trial was performed from November 2017 to January 2018 at the Department of Gastroenterology and Digestive Endoscopy at Korea University Anam Hospital (Seoul, Korea). At the time of registration, subjects were randomly allocated to either group. They were randomized using a computergenerated list and were provided with written instructions. All patients provided written informed consent. This study was approved by the International Clinical Trials Registry Platform (KCT0002638).
Patients
All patients aged over 65 years old with American Society of Anesthesiologists (ASA) scores from I to III who were scheduled to undergo screening colonoscopy and/or gastroscopy were included in this study. Patients were excluded if they had a known or suspected history of adverse events with previous sedation; had known hypersensitivity to egg products, soy beans, etomidate, and propofol; had known adrenocortical insufficiency, or porphyria or received chronic corticoid therapy were pregnant or breastfeeding; desired to undergo endoscopy without sedation; and could not provide informed consent. If there was hemodynamic instability (systolic blood pressure [SBP] < 90 mm Hg or peripheral oxygen saturation [SpO2] of 90% on room air or <95% on 2 L/min oxygen) at baseline measurement before the procedure, the patient was withdrawn from the study.
Protocol
All procedures were performed by one experienced faculty level endoscopist (ESK). Two well-trained nurses who were trained in advanced cardiac life support and completed a training course operated by the Korean Society of Gastrointestinal Endoscopy participated in all procedures.
All patients were monitored by the endoscopist and 2 nurses for non-invasive blood pressure, SpO2, electrocardiographic recordings, and respiratory activity before and during endoscopy. They received nasal oxygen therapy at a rate of 2 L/min during the procedure according to the sedation guideline. [16, 18] One nurse assisted with the procedure and another nurse checked and recorded the vital signs and patient status while injecting the sedative. Non-invasive blood pressure was automatically measured at every 5 minutes.
We used 70% of the usual dose considering the elderly. [16] In both groups, 0.035 mg/kg intravenous midazolam was initially administered. In the etomidate group, 0.07 mg/kg (0.035 mL/kg) bolus injection of etomidate (Etomidate Lipuro, 20 mg/10 mL/A, B. Braun Korea, Seoul, Korea) was administered. After that, titration with 0.035 mg/kg (0.018 mL/kg) etomidate was performed while assessing the patients' consciousness if the Modified Observer's Assessment of Alertness/Sedation (MOAA/S) scale score was 0 to 2. [19, 20] In the propofol group, 0.35 mg/kg (0.035 mL/kg) bolus injection of propofol (Freefol-MCT, 120 mg/12 mL, Daewon Pharm. Co., Ltd., Seoul, Korea) was initially administered. As with etomidate, if the MOAA/S scale score was > 3 to maintain appropriate sedation, additional injections were required after at least 60 s of observation. The MOAA/S scale score ranges from 0 to 5 (0= general anesthesia and 5 = fully awake state), [19] and the adequate target range of the MOAA/S score is less than 3 (patient responds after his or her name is loudly or repeatedly called) during endoscopy. [14, 19] 2.4. Assessment of patient safety and adverse events
To reduce deviation between endoscopists, one experienced faculty-level endoscopist performed all endoscopic procedures and used a conventional endoscope (Olympus 290, Olympus Corporation, Tokyo, Japan). In patients without glaucoma or benign prostate hyperplasia who underwent colonoscopy, 5 mg of cimetropium bromide (Bropium, 5 mg/1 mL, Bukwang Pharm Co., Ltd., Seoul, Korea) was administered at the start of colonoscopy to reduce colonic motor response. One nurse checked the baseline vital signs before the start of the procedure and injected sedatives after the endoscopist confirmed the Mallampati class. [21] When the patient had a MOAA/S scale score below 2, the vital signs were rechecked and, thereafter, were recorded every 5 minutes. Both the induction time and total procedure time were recorded by the endoscopist. The 2 nurses and endoscopist recorded the adverse events during the procedure, as well as the duration, onset time, and severity of myoclonus. After the procedure, the endoscopist recorded the physicians' satisfaction, sedation level during the procedure, and any adverse events. After the patient was sent to the recovery room, the observer other than the nurses or endoscopist recorded the patients' satisfaction, frequency of recall, abdominal pain, and post-procedural nausea or vomiting.
Study endpoint and definitions
The primary outcome was all cardiopulmonary adverse events including tachycardia, bradycardia, hypertension, transient hypotension, respiratory depression, oxygen desaturation, and fatal arrhythmia. The secondary outcomes were the following: vital signs fluctuation (VSF), which was defined as transient hypotension (SBP < 90 mm Hg or at least 20 mm Hg less than the baseline value, even at least once during the procedure) and oxygen desaturation (SpO2 < 90% on room air or < 95% on 2L/ min oxygen) [22] ; adverse events disturbing the procedure such as belching, severe coughing, needs for restraint, and myoclonus; and sedation-related outcomes including induction time, total procedure time, awake time, patients' and endoscopist's satisfaction scores, and frequency of recall.
We defined a major adverse event as endotracheal intubation, permanent neurological impairment, and death. [14, 15] Cardiovascular events included tachycardia (heart rate [HR] > 110 beats/min), bradycardia (HR < 50 beats/min), and fatal arrhythmia (sustained ventricular tachycardia or ventricular fibrillation). Respiratory depression was defined as the need for efforts to secure the airway by chin lift and jaw thrust
In addition, we defined induction time as the time interval from sedative injection to endoscope insertion. Total procedure time was defined as the time interval from endoscope insertion to endoscopic removal. Awake time was defined as the time interval from endoscope removal to full-recovery of the patient (Aldrete score of 10). [23] Moreover, total sedation time was defined as the time interval from administration of sedatives to full recovery of the patient. [14] Lee et al. Medicine (2018) 
Statistical analysis
To calculate the sample size, cardiopulmonary adverse events according to the presence of etomidate should be first determined using the PASS 12 (NCSS software, Utah) program and their proportions was 28% using the results of Riphaus et al. [24] When the power was set at 80% to detect a moderate effect size (20% of absolute difference between the 2 groups) at an alpha level of 0.05, 57 patients per group were necessary, and the final sample size of 62 patients per group fulfilled the condition as 62 patients per group considering 10% drop-out rate.
Continuous variables were expressed as mean ± standard deviation whereas discontinuous variables were expressed as counts and percentages. SPSS 24.0 for Windows (SPSS Inc., Chicago, IL) was used for data entry and statistical analyses. For the analyses between the 2 treatment groups, Student's ttest was used as appropriate to compare the continuous variables, and the chi-square or Fisher's exact test was used for categorical data. Binary logistic regression tests were used for multivariate analysis. P-values < .05 were considered statistically significant.
Results
Demographic and baseline characteristics
Initially, 130 patients aged over 65 years were assessed. Among them, six patients were excluded because of adrenocortical insufficiency (n = 1), desire to undergo endoscopy without sedation (n = 3), hypersensitivity to the drug (n = 1), or previous history of adverse events with sedation (n = 1) (Fig. 1) . Finally, a total of 124 patients aged over 65 years were enrolled, analyzed, and randomly assigned to 2 groups: propofol group (n = 62) and etomidate group (n = 62). The baseline characteristics including age, sex, procedure type, body mass index, smoking and alcohol history, outpatient status, anticoagulant use, ASA score, modified Mallampati score, and underlying diseases were not significantly different in the 2 groups (Table 1) . Additionally, there was no difference in interventional procedures such as polypectomy (P = .773), biopsy (P = .930), and epinephrine injection (P = .934). Sedation-related outcomes such as induction time (P = .833), total procedure time (P = .111) and awake time (P = .070) were not different ( Table 2) .
Safety-related outcomes
The incidence rate of all cardiopulmonary adverse events was significantly higher in the propofol group (72.6%) than in the etomidate group (54.8%) (P = .040) (Fig. 2) . In both groups, there were no major adverse events including endotracheal intubation, permanent neurological impairment, and death. The incidence rate of VSF was significantly higher in the propofol group (50.0%) than in the etomidate group (27.4%) (P = .010). In addition, the incidence rate of transient hypotension was significantly higher in the propofol group (41.9%) than in the etomidate group (24.2%) (P = .036). In contrast, the incidence rate of adverse events disturbing the procedure was significantly higher in the etomidate group (25.8%) than in the propofol group (8.1%) (P = .008). The incidence rate of myoclonus was significantly higher in the etomidate group (16.1%) than in the propofol group (1.6%) (P = .004) ( Table 3) .
When vital sign changes over time were diagrammed on a scatter plot up to 35 minutes, there was a significant difference in change in median SBP with passing time between the 2 groups (P = .020) (Fig. 3A) . Median HR significantly increased over time, but there was no significant difference between the 2 groups (Fig. 3B) . Median SpO2 was sustained above 98% on 2 L/min oxygen during the procedure. There was no significant difference over time between the 2 groups (Fig. 3C) .
Multivariate analysis of VSF with logistic regression showed that the etomidate group had significantly low odds ratio (OR) associated with VSF (OR: 0.407, confidence interval: 0.179-0.926, P = .032) ( Table 4 ).
Efficacy-related outcomes
Outcomes related to the efficacy of sedation including patients' satisfaction, endoscopist's satisfaction, postprocedural abdominal pain, and postprocedural nausea or vomiting are shown in Table 2 . There was no significant difference in patients' satisfaction (P = .130) and endoscopist's satisfaction (P = .743) Figure 1 . Assembly of patients. Flow chart showed the recruitment of the study patients. 
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Medicine between the 2 groups. In addition, differences in patients' postprocedural abdominal pain (P = .763) and nausea or vomiting (P = .075) between the 2 groups were not statistically significant. Moreover, the frequency of recall was not significantly different in both the groups (propofol group: 2/62 [3.2%], etomidate group: 5/62 [8.1%], P = .439).
Discussion
Recently, endoscopic sedation has been widely used. [4, 18, 25] Although propofol is commonly used as sedative for endoscopic procedures, respiratory depression is a major problem. [5, 8, 26] Etomidate has emerged as a new sedative that does not affect cardiopulmonary function. [27] [28] [29] [30] Recent studies have demonstrated that etomidate for ERCP and EUS is associated with fewer serious adverse events, especially cardiopulmonary adverse events and that its sedative effect is noninferior in normal, healthy patients. [14, 15] Hemodynamic instability is more common during sedation in the elderly aged over 65 years than in young, healthy patients. [16, 31, 32] In addition, cardiopulmonary adverse events during sedation in the elderly can cause more fatal outcomes than in young patients. [32] [33] [34] A previous study demonstrated that etomidate-remifentanil was associated with more stable hemodynamic responses and fewer adverse events than propofol- Figure 2 . Assessment of adverse events. * Statistical significance between the 2 groups was tested by chi-square analysis for the excellent group. Table 3 Major and minor adverse events.
Major adverse events, n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%) remifentanil during gastroscopy in the elderly. [35] In addition, another study showed that a combination of etomidate and propofol improved hemodynamic stability and minimal respiratory depression during gastroscopy in the elderly. [36] However, there is no study on etomidate for colonoscopy in the elderly. For these reasons, we designed a comparison study in which etomidate can be used alternatively even in elderly patients during screening colonoscopy.
Similar to previous studies, we assumed that the etomidate group had fewer patients with oxygen desaturation and respiratory depression. The incidence of all cardiopulmonary adverse events and VSF was significantly higher in the propofol group. Our study has demonstrated that etomidate-midazolam is associated with fewer cardiopulmonary adverse events and its efficacy is noninferior to that of propofol-midazolam in the elderly similar to young patients. However, our experience indicates that patients on etomidate-midazolam more often move and have more adverse events disturbing the procedure than those on propofol-midazolam, which makes the procedure more difficult for the assistant or nurse than for the endoscopist. Therefore, propofol-midazolam may be used as a guideline in patients with low ASA score; however, we recommend using etomidate-midazolam in patients with high ASA score or vulnerable to risk factors, as shown by our study results.
In this study, we included not only healthy patients but also patients with an ASA III score and patients with Mallampati scores of 3 and 4. We demonstrated the sedative efficacy and safety of etomidate-midazolam for screening colonoscopy in the elderly and showed that there were more VSF and cardiopulmonary adverse events in the propofol group. This indicated that etomidate-midazolam was hemodynamically stable compared to propofol-midazolam. In addition, we showed that the etomidate group had lower OR associated with VSF than the propofol group in the multivariate analysis.
Our study has limitations. First, although the effect of a single injection of etomidate can last up to 72 hours, [37] studies on adrenal insufficiency have not been conducted. Second, we did not study oversedation and undersedation using bispectral index. Third, this randomized controlled trial was conducted at a single center and included a small number of patients. Multicenter randomized trials are required for further confirmation of the results. Fourth, although we intended to assess the efficacy and safety of etomidate-midazolam for colonoscopy, about 66% patients underwent both colonoscopy and gastroscopy in this study. The rate of patients who underwent both colonoscopy and gastroscopy was not significantly different between the 2 groups. However, the inclusion of patients who underwent both colonoscopy and gastroscopy may have led to bias.
In conclusion, we recommend using etomidate-midazolam in patients with high ASA score or vulnerable to risk factors; propofol-midazolam may be used as a guideline in patients with low ASA score. 
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